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Abstract 
In view of the relatively large basin area in China and the application limitations of small-scale, non-point source 
(NPS) pollution models, we developed an estimation platform for NPS based on a back propagation (Bp) network 
with the combination of Visual Basic 6.0 (Microsoft Corporation) and Supermap Objects 2.1 (Supermap Corporation). 
In addition, the total nitrogen (TN) load and its spatial characteristics in the Songliao Basin were estimated and 
analyzed with our estimation platform. Analysis of the estimation platform demonstrated that it is well suited to 
nonlinear mapping and spatial analysis. The estimation of NPS in the Songliao Basin revealed that the TN load 
generally decreased in the basin from 1980 to 2000. In addition, the TN load in the Songliao Basin was characterized 
by being significantly influenced by loads in neighboring zones. Concerning administrative areas, the TN load in Jilin 
Province was the highest in 1985 and 1995, while it was highest in the Inner Mongolia autonomous region in 2000. 
Concerning water systems, the Second Songhuajiang Basin had the highest nitrogen load in 1985 and 1995, while the 
Daliao Basin had the highest nitrogen load per unit area. Similarly, the Eerguna River Basin had the highest nitrogen 
load and nitrogen load per unit area in 2000. Finally, the applicability of the NPS platform in small- and medium-
sized basins of semi-arid regions in the northwestern, such as the Weihe River Basin, was studied. 
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1. Introduction 
The importance of controlling non-point source (NPS) pollution has recently been recognized. For 
instance, it is known that NPS is the primary source of pollution in aquatic environments [1]. The main 
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research method for NPS pollution is to construct NPS pollution mechanism models, such as the 
Hydrological Simulation Program-FORTRAN (HSPF), Areal Nonpoint Source Watershed Environment 
Response Simulation (ANSWERS), Annualized Agricultural NonPoint Source (AGNPS), Soil and Water 
Assessment Tool (SWAT), and Better Assessment Science Integrating Point and Non-point (BASINS) 
models, which have been widely applied after calibrating and validating certain parameters.  
However, contemporary NPS pollution mechanism models can generally only simulate relatively small 
basin areas, and they perform poorly on larger scales. Although the SWAT model was used to estimate 
national agricultural NPS pollution in the United States, it cannot be used in China due to the strict 
requirement of monitoring data [2]. Furthermore, the process of formation and migration of NPS pollution 
is more complicated on large scales because there is usually a non-linear relationship, which cannot be 
clearly explained by linear equations, between the NPS pollution and the sums of factors applied in 
mechanism models such as SWAT. Therefore, the current NPS mechanism models are not suitable on 
large scales. To grasp the overall attributes of NPS pollution and help to implement policies on water 
quality control in relatively large basins, it is important to explore a new method for NPS pollution 
modeling in consideration of the lack of long series of monitoring data on NPS pollution in China and the 
limited applicability of current NPS mechanism models.  
The artificial neural network (ANN) method is essentially independent of mechanism and includes an 
information processing structure inspired by the functioning of the brain. The parallel distribution of 
information within ANNs provides the capacity to model complicated, nonlinear, interrelated processes. 
This allows ANNs to model environmental systems without specifying the algebraic relationships 
between variables [3]. He et al. [4] used ANNs to successfully predict water quality parameters such as 
algal concentration and nutrient levels on coastal beaches in California, USA. The application of ANNs 
by Yabunaka et al. [5] was successful in forecasting the dominating phytoplankton Microcystis sp. and 
chlorophyll-a (Chl-a) concentrations during algal blooms for a tropical Japanese freshwater lake.  
In the current study, we took advantage of the capability of ANNs to solve nonlinear problems and a 
geographic information system (GIS) for spatial analysis, developing an estimation platform of NPS based 
on ANNs with the combination of Visual Basic 6.0 (Microsoft Corporation) and Supermap Objects 2.1 
(Component Object Model of GIS, Supermap Corporation). The TN load and its spatial characteristics in 
the Songliao Basin were estimated and analyzed by the estimation platform, and the prospect of applying 
our NPS platform to small- and medium-sized basins in semi-arid regions in northwestern China, such as 
the Weihe River Basin, was studied. 
2. Method 
2.1. Study area  
The Songliao Basin, located in northeast China (Fig.1), contains 188.821 billion m3 of water resources 
[6] and possesses flat, fertile soil and abundant rainfall (i.e., good agricultural development conditions). 
2.2. Data 
The data used in the model were collected from nine sub-basins (the sub-basins were regionalized by 
the Institute of Geographic Sciences and Natural Resources Research, China Academy of Science) in the 
Songliao Basin. The database concerning the NPS pollution in Songliao Basin, which is comprised of a 
spatial database and attribute database, is the premise of this study. The spatial database include a digital 
elevation model (DEM), land use maps, and soil type maps, while the attribute database includes soil 
properties, vegetation parameters, and fertilizer use. The database is listed in Tab.1.  
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Figure 1. Schematic graph of the Songliao Basin. 
2.3. ANN model—back propagation (Bp) network  
The ANN models were programmed using Visual Basic 6.0 using sixteen independent variables as 
inputs. The Bp network was previously identified as the most common type of ANN model and has been 
widely used in many reports. Therefore, a Bp neural network was used in the current study, which was 
comprised of three layers: an input layer, a hidden layer, and an output layer (Fig.2). The network weights 
between each node were updated using the normalized cumulative delta learning rule (Equ.1): 
Table 1. Database concerning the NPS pollution in the Songliao Basin. 
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Independent 
variables 
Spatial scale Source 
Land use 1:100,000 Institute of Geographic Sciences and Natural Resources Research, 
China Academy of Science 
Soil type 1:1,000,000 Institute of Soil Science, China Academy of Science 
Soil prosperity 1:1,000,000 The Administration of General Survey of Soil, China 
Topography 1:250,000 National Geomatics Center of China 
Administrative 
divisions 
1:1,000,000 National Geomatics Center of China 
Population County in studying area National Bureau of Statistics of China 
Network of 
waterways 
1:1,000,000 National Geomatics Center of China 
Rainfall National meteorological station in 
studying area 
China Meteorological Administration 
Live stock  Studying area National Bureau of Statistics of China 
Water quality Monitoring station in studying 
area 
The Ministry of water resource of China 
Sub-basin 1:250,000 DEM(Digital Elevation Model) 
 
                                                                                        (1) 
 
where jiw  is the weight update between node i and node j at time t,  is the learning rate,  is the 
momentum value,  is the epoch size, jiw is the weight between node i and node j, ' ( )f  is the 
derivative of the transfer function with respect to its input, iy is the output of node I, s is the training 
sample, jy is the predicted output, and jd is the desired output. 
The application of a Bp neural network consists of three stages: the training or learning step, the 
validation step, and predicting step. During network training, the same dataset is processed many times as 
the weights between nodes become increasingly refined. In this step, the residual between the Bp model 
output and the desired output decreases, and the model learns the relationship between the input and the 
output. Learning rules or the weights between nodes are written so that the iterative step minimizes the 
error measure. However, the training process should be stopped at the right time, and the training goal 
must be proper. Excessive training or an overly minimal training goal can cause over-learning, which 
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means that the Bp neural network extracts too much information from the individual case and is not 
applicable to general cases. In the validation step, the unused set of data is selected to test the function of 
the Bp neural network. This testing set can be seen as the representative cases of the general phenomenon. 
If the network performs well on the test step, it means that it can also be used for general cases. 
Figure 2. Generalized Bp network. 
The input and output data were log transformed so the data was scaled between -1 and 1. Three network 
parameters were optimized during the construction of the Bp models: the learning rate  , the 
momentum  , and the number of hidden nodes. The trial out method was selected to choose the 
parameters. The number of hidden nodes was initially set at five according to Equ 2, the learning rate was 
set at 0.1, and momentum was 0.1. The epoch size was fixed at 10,000. The number of hidden nodes was 
first determined, followed by , and finally the learning rate. The criterion for choosing the satisfying 
parameters is whether the Bp model reached the value of   (or < ) after completing the learning step 
and the average standard deviation between the predicted value and observed value met the requirement 
(< 10%) during the predicting step. 
H I O M                                                                     (2) 
where H is the number of hidden nodes, I the number of input nodes, O the number of output nodes, and 
M is a number between 1 and 10 that is iteratively assigned until M best suits the model. 
2.4. The coupling platform 
Although the Bp neural network is adequate for solving non-linear problems, it lacks the capability for 
spatial analysis. Therefore, a coupling platform based on the Bp network and the Component Object 
Model of GIS (COM GIS) was developed. The COM GIS method divides the GIS modules into several 
parts, each of which is responsible for a different function. The COM GIS parts and non-COM GIS parts 
can be integrated using graphical user interface developing tools, such as Visual Basic 6.0 and Visual 
Studio. Thus, the spatial analysis (i.e., querying data and interpolating) can be achieved by COM GIS 
parts, while the computing and predicting modules (e.g., the Bp neural network) can be completed by non-
COM GIS parts, which is the programming language included in the developer tools.  
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Figure 3. Mechanism of the coupling platform based on the Bp neural network and COM GIS. 
The optimized Bp models were determined after the sums of the training and validation steps, as 
follows: the learning rate  was 0.5, the momentum  was 0.0005, and the number of hidden nodes was 
9. The average standard deviation is the least (8.64%), which indicates that the Bp network is applicable 
to general cases.  
3. Results and discussion 
A platform based on the combination of Visual Basic 6.0 and Supermap Objects 2.1 was constructed to 
estimate the TN in Songliao Basin in 1985, 1995, and 2000. The results are listed in Table 2. 
Table 2. TN in Songliao Basin in 1985, 1995, and 2000 estimated by the platform. 
Number Administrative Region 1985 (kg) 1995 (kg) 2000 (kg) 
1 Hulunbeier 3,910,772 4,665,364 6,611,282 
2 Xing’Anmeng 3,999,354 2,301,845 1,357,932 
3 Tongliao 172,983.3 198,691 216,128.5 
4 Chifeng 239,145.9 235,957.3 226,989.5 
5 Heihe 238,747.3 275,116.8 297,436.7 
269S.Q. Liu et al. / Procedia Environmental Sciences 13 (2012) 263 – 273 S.Q. Liu et al./ Procedia Environmental Sciences 8 (2011) 263–273 269 
 
6 Yichun 528,208.7 315,970.2 257,480.1 
7 Qiqihaer 3,786,119 382,730.7 209,452.4 
8 Daqing 408,438.5 342,176.2 345,065.8 
9 Suihua 178,164.7 205,865.3 251,103 
10 Hegang 363,499.7 294,646.7 290,860.3 
11 Haerbin 494,230.6 153,254.1 201,979.2 
12 Mudanjiang 527,212.3 404,253.5 449,391.5 
13 Jixi 1,160,839 1,313,093 1,067,275 
14 Shuangyashan 866,793.9 323,244.1 708,462 
15 Jiamusi 639,409.7 247,814.8 296,241 
16 Baicheng 407,442 663,822.1 321,450.6 
17 Songyuan 436,338.4 512,564.8 408,936.7 
18 Changchun 1,207,571 613,203.8 380,837.5 
19 Siping 4,065,118 920,999.4 344,567.6 
20 Liaoyuan 9,502,509 816,972.6 634,128.7 
21 Tonghua 2,479,308 2,174,402 763,066 
22 Baishan 2,146,303 1,868,898 529,404.4 
23 Yanbian Korean 1,478,898 3,286,213 1,022,136 
24 Jilin 7,595,650 8,801,324 686,640.3 
25 Tieling 2,045,963 506,685.9 387,214.6 
26 Fushun 3,121,703 970,123.1 266,149 
27 Benxi 1,435,453 2,400,989 442,516.2 
28 Shenyang 1,850,066 285,878.2 222,605.2 
29 Liaoyang 1,362,814 683,750.6 364,695.4 
30 Anshan 658,740.4 167,104.4 119,574.9 
31 Panjin 648,875.8 492,437.1 628,847.6 
32 Yingkou 810,097.3 536,279.8 324,738.8 
33 Fuxin 411,925.9 307,301.3 202,876 
34 Jinzhou 566,670.7 155,545.8 160,528 
35 Chaoyang 548,137.2 172,485.1 141,695.5 
36 Qitaihe 900,672.3 480,081.4 462,145.8 
Table 3. Relationship between the TN and variables analyzed by SPSS 11.0. 
 TN load at 1985 TN load at 1995 TN load at 2000 
 Pearson 
Correlation 
Sig. (2-
tailed) 
Pearson 
Correlation 
Sig. (2-
tailed) 
Pearson 
Correlation 
Sig. (2-
tailed) 
Paddy field 0.1857 0.2783 0.1223 0.4775 -0.1234 0.4735 
Dry land -0.0487 0.7780 -0.1697 0.3224 -0.1331 0.4392 
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* Abbreviations: TN, total nitrogen; and Sig., significance. 
   
The TN load in Songliao Basin declined over the study period, from 61,194 tons in 1985, to 38,477 tons 
in 1995 and 21,602 tons in 2000. Table 3 shows that TN has a significant correlation with several 
variables. For instance, TN was significantly positively correlated with the area of fruit-bearing forest and 
the annual rainfall, while it was significantly negatively correlated with population. Meanwhile, the 
rainfall was positively correlated with TN over the three years. According to the Songliao Water 
Resources Bulletin, the annual rainfall was much higher in 1985, while Songliao Basin experienced a 
severe drought in 2000, which is consistent with the above results [7,8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Forest land 0.2698 0.1115 0.3048 0.0706 0.2580 0.1286 
Fruit-bearing forest -0.0793 0.6456 0.3987 0.0160 0.4532 0.0055 
Grassland -0.1832 0.2847 -0.1329 0.4397 -0.0638 0.7116 
Watershed -0.2052 0.2300 -0.1393 0.4178 -0.1565 0.3620 
City land 0.1066 0.5360 -0.0446 0.7964 -0.1924 0.2609 
Unused land -0.2845 0.0926 -0.1811 0.2904 -0.0934 0.5881 
Population -0.2358 0.1662 -0.3430 0.0405 -0.1664 0.3322 
Pig -0.0789 0.6472 -0.1876 0.2734 -0.1713 0.3178 
Sheep -0.1917 0.2627 -0.0174 0.9198 0.4606 0.0047 
Poultry 0.1595 0.3528 -0.1701 0.3212 -0.2324 0.1727 
Livestock (e.g., cattle and 
horses) 
-0.1185 0.4913 0.0547 0.7514 0.0068 0.9687 
Chemical fertilizer  0.4541 0.0054 0.2362 0.1654 -0.0820 0.6343 
Nitrogenous fertilizer 0.4540 0.0054 0.1528 0.3736 -0.0584 0.7349 
Annual rainfall 0.4387 0.0074 0.4191 0.0109 0.8911 0.0000 
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Figure 4. Thematic maps of TN in each administration in 1985, 1995, and 2000. 
The TN load in the Songliao Basin was significantly variable based on nearby zones. In 1985, Liaoyuan 
Administrative Region possessed the highest TN load, and the Jilin, Siping, and Fushun Administrative 
Regions around it had relatively higher TN loads. In 1995, the TN load in the Jilin Administrative Region 
was greatest, while the Tonghua, Baishan, and Yanbian Korean Administrative Regions had an increased 
TN load. This trend was also found in 2000 and may be the result of river transportations of nitrogen from 
the source of pollution to other  
neighboring areas, which can lead to a higher pollution load. 
 
 
Figure 5. TN load of each province and sub-basin (unit: tons). 
Table 4. Representative river sub-basins in accordance with the values in Figures 5 and 6. 
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Number Sub-basin Number Sub-basin 
1 Eerguna River 7 The Second Song Hua River 
2 Nen River 8 Dong Liao River 
3 Hei Longjiang 9 Ya Lv River 
4 Xi Liao River 10 Tu Men River 
5 Song Hua River 11 Downstream of Liao River 
6 Wu Suli River 12 Rivers in Liao Dong 
 
The TN load of each province and sub-basin (regionalized by water ways) are shown in Fig. 5. The TN 
load of Jilin province and the second Songhuajiang sub-basin was relatively higher in 1985 but declined 
by 2000 as a result of the rapid development of aquaculture since 1985 and the limited usage of 
nitrogenous fertilizer in 2000. However, in 2000, the TN load of the Inner Mongolia Autonomous 
province and Eerguna River sub-basin peaked, mainly due to increased planted areas in Inner Mongolia 
and the greatest amount number of livestock [9]. 
The TN load intensity, which refers to the pollution load per unit area, is an important indicator for the 
management of NPS pollution. In this study, the loan intensity is shown in Fig. 6, where it can be seen 
that Jilin Province produced the highest amount of TN load per unit area in the three study years 
(approximately 175.9, 117.9, and 30.5 kg km2, respectively). As for the water systems, the Daliao sub-
basin had the highest average TN load during the three years. These high-intensity loads can be explained 
by the relatively large area of plantations and improper land-use in these areas [10, 11, and 12]. 
 
Figure 6. TN load intensity of each administrative region and sub-basin (unit: kg). 
The analysis of our estimation platform demonstrated that it is useful for nonlinear mapping, spatial 
analysis, and has widespread suitability. Therefore, in view of the attributes of the Weihe River, which 
includes a small- and medium-sized basin in the semi-arid regions in Shanxi province (with serious water 
pollution, a shortage of water, and excessive mud and sand [13]), the platform can be used to calculate the 
load of water pollution and help improve water management decision abilities. However, the variables in 
the model concerning the water pollution in Weihe River should be responsible for the characteristics of 
the Weihe River. 
4. Conclusion 
Analysis of our novel estimation platform revealed that it can be used for nonlinear mapping and 
spatial analysis. The estimation of NPS in the Songliao Basin demonstrated that the TN load generally 
decreased in this region from 1985 to 2000. In addition, the TN load in the Songliao Basin was 
significantly affected by the spatial distribution or neighboring regions. Concerning the administrative 
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areas, the TN load in Jilin Province was the highest in 1985 and 1995, while it was highest in the Inner 
Mongolia autonomous region in 2000. As for the water systems, the Second Songhuajiang Basin had the 
highest nitrogen load in 1985 and 1995, while the Daliao Basin had the highest the nitrogen load per unit 
area. The Eerguna River Basin had the highest nitrogen load and nitrogen load per unit area in 2000. 
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